The SilkDB is an open-access database for genome biology of the silkworm (Bombyx mori).
INTRODUCTION
The silkworm, Bombyx mori, is one of the most economically important insects, which was domesticated for producing silk $5000 years ago. Now, it still plays an important role in increasing income of farmers in many countries, such as China, India and other developing countries (1, 2) . Silkworm is also used as a bestcharacterized model for biochemical, molecular genetic and genomic studies of Lepidopteran insects (3, 4) .
In 2004, a 6Â (5) and 3Â (6) draft genome sequences for silkworm were completed by Chinese and Japanese teams, respectively. Subsequently, the database of SilkDB (V1.0) was constructed to access the 6Â genome data (7) . Since the first version of SilkDB was released, the amount of database access has exceeded 230 000 times. This open database resource has greatly facilitated the functional genomics research of silkworm and some other insects.
Recently, the Chinese and Japanese groups have cooperated to integrate the silkworm genomic data, including two sets of draft sequences and the paired ends from fosmids and BACs, and completed a fine silkworm genome assembly with 8.5Â coverage. The quality of the new assembly has been significantly improved. The N50 scaffold size reaches $3.7 Mb for the 432 Mb genome (8) . Another improvement is that over 377.5 Mb (87.4%) genome sequence could be assigned to all of the 28 chromosomes by integrating a high-density Single Nucleotide Polymorphism (SNP) linkage map (1755 markers) (9) . In addition, our group has designed and constructed a genome-wide microarray with 22 987 probes covering the genes predicted from 6Â draft genome sequences, and successfully surveyed the gene expression profiles in multiple silkworm tissues (10) .
In order to accommodate the new genomic data and house more comprehensive genomic information, we have reconstructed the SilkDB database with new userfriendly interfaces. Several tools were also developed to access the data conveniently and were linked in the new version. Herein, we will report the progress in the new version (v2.0) of SilkDB, and describe the updated datasets as well as great performance improvement.
DATA UPDATED AND INTEGRATION

Genome data and repeat sequences
The new silkworm genome assembly consists of 43 622 scaffolds spanning $432 Mb. The genome sequence is significantly more intact than the previous version, and 109 scaffolds whose length exceed 1 Mb accounts for $390.3 Mb. In addition, a total of 1668 repeat sequences have been identified by a de novo repeat annotation strategy of ReAS (11) , which account for $43.6% of the silkworm genome, together with 17 known silkworm transposable elements in GenBank. This indicates that the silkworm genome comprises more significant repeat sequences than other insects, such as 16% in Anopheles gambiae (12), 1% in Apis mellifera (13) and 2.7-25% in Drosophila melanogaster (14) . We integrated all of the new assembly of silkworm genome sequence into the SilkDB (V2.0).
Gene dataset and gene functional annotation
In order to obtain a precise gene dataset, a variety of strategies were used (8) . A consensus nonredundant dataset with 14 623 protein-coding genes was built by merging different gene datasets using GLEAN (http:// sourceforge.net/projects/glean-gene). This GLEAN gene dataset was used as reference dataset and has been integrated into the updated SilkDB (V2.0). Additionally, the predicted noncoding genes, including 206 miRNAs, 147 rRNAs and 498 tRNAs, were also integrated into the database.
The functions of all the protein-coding genes have been annotated with different methods. First, genes with similar sequences may have similar functions, so all the genes were used to BLAST against nonredundant databases downloaded from the NCBI to find homologs. About 12 246 (83.7%) genes could be found to have corresponding homologs when using the E-value threshold of 1E-5. Secondly, the information of protein domains in genes will provide clues for gene functions. All the silkworm genes were used to query against the InterPro database (15). As a result, 8522 genes (58.2%) have 2509 kinds of known domains. Based on the domain assignments, 5971 genes can be classified by Gene Ontology (GO) terms, which is a controlled vocabulary for the description of molecular function, biological process and cellular component of gene products (16) . Thirdly, gene families were identified among B. mori, D. melanogaster, Aedes aegypti, A. gambiae, A. mellifera, Homo sapiens, Gallus gallus, Fugu rubripes and Caenorhabditis elegans by using the strategy of TreeFam (17) . A total of 6669 silkworm genes are distributed in 1779 gene families. Four hundred families seem to be insect specific, of which 245 families are silkworm specific. These genes may be selected to accommodate insect-specific or silkworm-specific functions of biological processes for silkworm during evolution. All of the above gene function annotations have been integrated into the updated version of SilkDB.
Experimental information
We also focus on integrating the experimental data into the SilkDB. Currently, we have collected 184 509 Expressed Sequence Tags and full-length cDNAs, which contain useful information for gene expression and function. About 9056 genes have ESTs under the threshold of 'alignment length >100 and identities >80%'.
Moreover, the microarray data of silkworm were also included in the SilkDB. As shown in a previous report, we have designed and constructed a genome-wide microarray with 22 987 silkworm gene probes covering the genes predicted from 6Â draft genome sequences (10) . The microarray has been used to monitor gene expression profiles in 10 representative samples on Day 3 of the fifth instar larvae. As a result, a total of 10 393 active transcripts were detected. The results provide a rich data resource for expression profiles and functions of silkworm genes, especially for the 1642 tissue-specific genes that exhibited a strong relevance to the physiological functions of the corresponding tissues (10) . In addition, reference information related to gene functions was also collected and integrated into the SilkDB.
DATABASE ACCESS
Along with the update of silkworm genomic data, the manner of managing and accessing these data has been re-designed. The entire silkworm genome, gene dataset, gene annotation, experimental data and reference information are stored in the MySQL (http://www.mysql .org/) database management system. All of the above information is navigated by GBrowse (18) instead of the previous tool of MapView (7) . It is well known that the GBrowse is one of the most popular genome viewers for manipulating and displaying annotations on genomes, and has been extensively applied in the construction of the database for a variety of model organisms, such as Flybase (19) , WormBase (20) and SGD (21) . By using GBrowse, users could easily browse any interested region in the silkworm genome. According to the position on a scaffold, a variety of track features could be accessed, including protein-coding genes, noncoding genes, GC content, frame usage, restriction sites and repetitive sequences ( Figure 1D) .
By clicking protein-coding gene track on GBrowse, the page will link to the Gene Page, which is the heart of the updated SilkDB ( Figure 1E ). Gene Page is available for each gene, containing all the related information, including gene symbol, position, definition, EST evidence, corresponding microarray probes, domain assignment, GO annotation, gene family, refseq ID, reference information (title, author and PubMed ID), BLAST homolog, genome sequence, CDS sequence as well as deduced protein sequence ( Figure 1E ). It also provides hyperlink if crossreferenced links are available for related database entries, for example, clicking on microarray probes will link to our new developed web-base viewer of BmArray to visually display microarray data, GO terms are linked to EMBL database (22) , refseq IDs are linked to GenBank (23) (Supplementary Figure S1) .
IMPROVED DATABASE USABILITY
In order to facilitate data analysis, the updated SilkDB provides a variety of user-friendly interfaces for common tools generated by Pise (24) . One of the most useful tools is the BLAST tool. User could use the BLAST to search against scaffolds, genes, ESTs, other insect genomes and genes. On the result page of a BLAST search, each hit is linked to the GBrowse view of the sequence. Another two tools, Silkworm Chromosome Browser (SCB) and SilkMap, were developed to facilitate users to use the chromosomal information which is newly available for current genome assembly. The SCB tool provides the position of scaffolds on 28 chromosomes ( Figure 1C) , which enables the user to access any chromosomal region of interest. SilkMap can be used to anchor nucleotide or protein sequence on silkworm chromosomes and will provide a visualization picture of sequence locations ( Figure 1A and B) . Through SilkMap, user could know not only location of the query sequence on a chromosome, but also the copies of the query sequence in the silkworm genome. The subject position is linked to the detailed view of GBrowse. In addition, a silkworm Gene Ontology Browse was also developed to provide users with accessing the silkworm genes by particular terminology.
FUTURE DIRECTIONS
We will continuously improve the quality of the assembly and annotations of silkworm genome sequence. The updated data will be timely included in the SilkDB when it is available. At the same time, we will manually curate the information in the database. Users are also encouraged to submit corrected or additional information on the predicted gene or the genome sequence to SilkDB via E-mail. At present, some research projects for silkworm are ongoing, such as using microarray to survey gene expression profiles at different developmental stages, microRNA expression experiment and silkworm SNP project. We are planning to annotate these data to find the biology meaning, and integrate these experiment data and analysis results into the database in the future.
SUPPLEMENTARY DATA
Supplementary Data are available at NAR Online.
